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APPARATUS FOR DEVICE QUALIFICATION 

RELATED APPLICATION 

The subject matter of the US. patent application entitled 
METHOD OF DEVICE QUALIFICATION, ?led on Feb. 3, 
1998, Application Ser. No. 09/017,792, and having attorney 
Docket Number MPATENT.107A contains related subject 
matter. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates to device testing. More particularly, 

the invention relates to improved semiconductor device 
quali?cation testing. 

2. Description of the Related Art 
Semiconductor device fabrication is a complex process. 

During fabrication, semiconductor Wafers are subjected to 
numerous complicated processes in order to impress upon 
them the desired characteristics. For example, a typical 
silicon Wafer is subjected to extreme temperature and pres 
sure variations during the deposition process. Although 
semiconductor fabrication has developed into a highly com 
plex scienti?c craft, the process still retains an art-like nature 
in that each Wafer Which passes through the fabrication 
process tends to have different characteristics compared to 
the others. In fact, even Within a single Wafer, each die tends 
to develop different performance characteristics from its 
neighbors Which Were seemingly produced in an identical 
manner. 

After a Wafer of dies has been processed, the dies are 
separated and placed in device housings. The resulting 
integrated circuits retain the variations in performance char 
acteristics inherent in the die from Which they are created. 
Therefore, in a typical integrated circuit environment, inte 
grated circuits are quali?cation tested in order to determine 
the device characteristics. The integrated circuits that have 
the best performance characteristics may be used in the most 
demanding environments. The integrated circuits With loWer 
performance characteristics may be used in more cost 
sensitive, less demanding applications. 

The process of determining the performance characteris 
tics of an integrated circuit is called quali?cation testing. For 
example, quali?cation testing is used to determine the per 
formance of memory chips. A typical memory chip is 
comprised of millions of memory locations. Quali?cation 
testing can be used to determine Whether each memory 
location on a neWly fabricated memory chip is capable of 
accurately storing a bit of data. Even if less than all of the 
memory locations are functioning, the device is still useful 
in many applications. Therefore, a memory quali?cation 
process may determine the number of properly operating 
memory locations available on a memory device. 

A device quali?cation process is typically simultaneously 
executed on a batch of integrated circuits. The performance 
characteristic categoriZation is referred to as a binout. Thus, 
fully functional devices binout as the highest performance 
devices. The reduced functionality devices binout in one or 
more categories of loWer performance devices. Unfunction 
ing devices binout as rejected devices. 
When a neW quali?cation test is developed, it is critical 

that it provides proper device binout categoriZation before it 
is used for large scale production purposes. If the quali? 
cation test is mis-functioning, fully functional devices may 
be erroneously sold at a reduced price. Likewise, partially 
performing devices may be used in high performance appli 
cations in Which the devices Will fail. 
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2 
The introduction of neW quali?cation test softWare is 

inevitable. NeW quali?cation test softWare may be devel 
oped in order to perform more extensive tests or to increase 
the speed at Which testing is performed. Before neW quali 
?cation tests are used in the production environment, they 
themselves must be tested in order to assure that they are 
properly binning devices. HoWever, determining the proper 
operation of a quali?cation test is not straight forWard. 

According to the prior art, tWo side by side test set ups are 
used to test a neW quali?cation process. First, a functioning 
test process is performed in a ?rst tester. The resulting 
binouts are stored. Then, the same devices are removed from 
the ?rst tester and placed in the second tester. The devices 
are subjected to the trial testing process and the resulting 
binouts are stored. An attempt is made to determine Whether 
the trial process is properly functioning by comparing the 
resulting binouts. For example, Whenever a device is cat 
egoriZed differently by the knoWn and the trial testing 
process, the device may be singled out as the subject of 
further testing to determine the cause of the variation. 

Such testing has inherent disadvantages. Variations in the 
physical testers may cause variations in the binouts Which 
are independent of the functioning of the trial testing pro 
cess. In addition, the process of moving the devices from one 
tester to another may damage one or more of the devices 
causing a variation in the binouts Which is independent of 
the functioning of the trial testing process. In addition, the 
process is time consuming and operator intensive. 

Therefore, there has been a long felt need in the industry 
to have a means and method of providing reliable testing of 
quali?cation test softWare. 

SUMMARY OF THE INVENTION 

A batch of devices is placed into the handler of a tester. 
AknoWn quali?cation test is executed on the batch produc 
ing a ?rst resulting binout determination for each device. 
Without displacing the devices, a second trial quali?cation 
test is executed on the same batch producing a second 
resulting binout determination for each device. The ?rst and 
second resulting binout determinations are compared. If the 
second binout matches the ?rst binout, the device is binned 
as a correlating device. If the second binout rates the device 
better than the ?rst binout, the device is binned as an 
upgraded device. If the second binout rates the device loWer 
than the ?rst binout, the device is binned as a doWngraded 
device. The upgraded and doWngraded devices may be 
examined to determine the differences betWeen the knoWn 
quali?cation test and the trial quali?cation test. 

In this Way, reliable test results are generated Which can 
be used to determine Whether the trial quali?cation test is 
operating in a desired manner. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features, objectives, and advantages of the invention 
Will become more apparent from the detailed description set 
forth beloW When taken in conjunction With the draWings: 

FIG. 1 is a How chart shoWing operation in accordance 
With the invention. 

FIG. 2 is a block diagram of a tester. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The process of determining the performance characteris 
tics of an integrated circuit through quali?cation testing is an 
important step in the production of integrated circuits. Fully 
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functioning parts may be sold for a premium or used in the 
most demanding applications. Integrated circuits With loWer 
performance results may be used in more cost sensitive or 
less demanding applications. The performance characteris 
tics Which are determined by the quali?cation process vary 
depending on the type of integrated circuit Which is subject 
to the testing. 

For example, memory integrated circuits are often cat 
egoriZed by the number of Working memory locations Which 
are available on the integrated circuit. In particular, common 
memory integrated circuits are presently designed to hold 
more than four millions bits of data. In some cases, a portion 
of those memory locations may not function. If one-half of 
the memory is not functioning, the memory chip is still 
capable of storing tWo million bits of data. There are many 
applications in Which tWo million bits of data are suf?cient. 
Therefore, the less than fully functional parts still have 
economic value. HoWever, the fully functional units have the 
most economic value. Therefore, it is advantageous to 
separate the fully functional integrated circuits from the 
reduced functionality integrated circuits. 

In order to determine the performance characteristics of a 
memory integrated circuit, quali?cation tests are run. 
Typically, these tests are executed by Writing a series of data 
to each available memory address. Subsequently, the stored 
data is recalled and compared With the value Which Was 
attempted to be stored. If the values are the same, then the 
memory location is assumed to be functioning. If the values 
are not the same, then the memory is assumed to be 
misfunctioning. 
Memory quali?cation programs may read to and Write 

from the memory locations using a variety of patternistic or 
random schemes. If the device architecture is knoWn, a 
specially tailored quali?cation program may be used Which 
is likely to detect knoWn failure modes. 

In the production test environment, neW testing methods 
are often under development in order to increase the ef? 
ciencies of production tests and to increase the probability of 
detecting failure modes. If a neW failure mode is discovered, 
the testing method may be changed in order to accurately 
detect the failure mode. In addition, the testing method may 
be changed in order to increase the speed at Which the 
quali?cation test is executed. Each time a change is made to 
the quali?cation test, the quali?cation test itself must be 
veri?ed before being implemented in a mass production 
environment. If the quali?cation test is not operating 
properly, signi?cant adverse effects may occur. For example, 
if the quali?cation test is malfunctioning, fully functional 
parts may be erroneously categoriZed as partially performing 
parts, thus resulting in an economic loss for the memory 
manufacturer. Likewise, if the quali?cation test is 
malfunctioning, partially performing parts may be errone 
ously categoriZed as high-performance parts. These parts are 
likely to fail in high performance applications. 

The invention comprises a means and method for evalu 
ating a trial quali?cation test. Because the failure modes of 
semiconductor devices are probabilistic, it is often dif?cult 
to determine Whether a neWly developed device test is 
properly operating unless the test is performed on a number 
of different devices With a number of different failure modes. 
In some cases, such as When a neW quali?cation test is 
developed in order to increase the speed at Which quali? 
cation testing is performed, the goal is that the trial quali 
?cation test and the knoWn quali?cation test produce the 
same result. In other cases, such as When a neW quali?cation 
test is developed to detect a neWly discovered failure mode, 
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4 
the goal is that the trial quali?cation test and the knoWn 
quali?cation test produce differing results. 

In either case, information regarding the operating char 
acteristics of the neW quali?cation test can be determined by 
examining those semiconductor parts Which are categoriZed 
differently by a knoWn quali?cation test and a neW quali? 
cation test. For example, if a knoWn and neW quali?cation 
test categoriZe a device the same, very little information 
concerning the operation of either test may be obtained by 
examination of the part. HoWever, if the knoWn quali?cation 
test categories a microprocessor chip as capable of operating 
at a ?rst maximum clock speed and the neW quali?cation test 
categories the same part as capable of operating at a second 
maximum clock speed, information regarding the difference 
betWeen the quali?cation tests may be obtained by exam 
ining the operation of the part. 

Other factors aside from the quali?cation tests may affect 
the categoriZation of parts. For example, different device 
handlers and different device locations Within a single 
device handler may have different characters due to differ 
ence in things such as stray capacitance, line terminations 
and the like. These difference may cause identically oper 
ating parts to produce differing performance characteristics 
and, therefore, to be erroneously categoriZed in different 
categories. 
The process of examining the parts Which are categoriZed 

differently can require an intensive and detailed examination 
of the part. Such process are expensive and time consuming. 
For this reason, it is important that the devices Which are 
examined to determine the difference betWeen the quali? 
cation tests have inherent characteristics to Which the dif 
fering test results may be attributed. The introduction of 
extraneous factor Which may affect the categoriZation of 
parts may also lead to the unnecessary consumption of 
testing resources. Therefore, the process of identifying those 
part Which are categoriZed differently because of inherent 
operating properties is a factor in operating an ef?cient 
testing system. The invention operates to reduce the intro 
duction of extraneous factor Which may affect the catego 
riZation of parts to produce more reliable testing. 

FIG. 1 is a ?oWchart shoWing exemplary operation in 
accordance With the invention. Operation in accordance With 
FIG. 1 overcomes the disadvantages of the prior art by 
reducing the number of extraneous factors Which may affect 
the testing of the quali?cation process. Process ?oW begins 
in start block 2. In block 4, a batch of devices is installed into 
the handler 22 of a tester 20 (FIG. 2). The devices may be 
packaged in surface mount package or through-hole pack 
ages such as dual in-line packaging. In order to increase the 
production test ef?ciency, integrated circuits are typically 
tested in batches. Abatch of devices is physically placed into 
the handler either by a human operator or by mechanical 
means. In block 6, the knoWn quali?cation test is executed 
on the batch of devices. The knoWn quali?cation test is used 
to categoriZe the devices into one or more categories. For 
example, the knoWn quali?cation test may categoriZe the 
devices as fully functional, partially functional, or nonfunc 
tional parts. This process is knoWn as binout. 

In block 8, the resulting binout determination from the 
knoWn quali?cation test is stored. Without removing the 
batch of devices from the handler, in block 10 the trial 
quali?cation test is executed on the same batch. The trial 
quali?cation test is the neW quali?cation test Which is 
veri?ed by this process. In block 12, a variable “n” is set to 
an initial value. “n” is used to increment the comparison 
process so that the comparison process is executed for each 
device in the batch. 
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Block 14 determines Whether the trial binout information 
for part “n” matches the stored binout information for part 
“n”. If the binout information matches, the device is binned 
as a correlating part in block 16. If the binout information 
does not match, block 18 determines Whether the trial 
quali?cation test categorized the device more favorably than 
the knoWn quali?cation test. If so, the device is binned as an 
upgraded part in block 20. If not, the device is binned as a 
doWngraded part in block 24. FloW continues from blocks 
16, 20 and 24 to block 26. Block 26 determines Whether the 
comparison process has been executed for every device in 
the current batch. If not, the device count variable “n” is 
incremented in block 22 and process How continues With 
block 14. When the comparison process has been executed 
for each device in the batch, process How ends in block 28. 

The results of the process just described are at least three 
sets of devices: correlated parts, upgraded parts and doWn 
graded parts. If the quali?cation process categoriZes parts in 
more than tWo functional categories, more than three cat 
egories of parts may result from the comparison process. 

The categoriZed parts can be used to debug the trial 
quali?cation test. As noted above, typical debugging pro 
cesses focus on the upgraded and doWngraded parts because 
these parts are more likely to illuminate the differences 
betWeen the knoWn quali?cation test and the trial quali?ca 
tion test. 

Many variations to the above example Will be obvious to 
one skilled in the art For example, the quali?cation process 
may be executed on other types of integrated circuits besides 
memory integrated circuits. In addition, other performance 
characteristics may be categoriZed by the quali?cation pro 
cess. For example, devices may be categoriZed according to 
speed, input voltage range tolerance, performance over 
temperature as Well as many other characteristics. 

The invention may be embodied in other speci?c forms 
Without departing from its spirit or essential characteristics. 
The described embodiment is to be considered in all respects 
only as illustrative and not restrictive and the scope of the 
invention is, therefore, indicated by the appended claims 
rather than by the foregoing description. All changes Which 
come Within the meaning and range of equivalency of the 
claims are to be embraced Within their scope. 
What is claimed is: 
1. A device test set up comprising: 

a handler Which holds a batch of devices during test; and 

a testing program Which executes a knoWn quali?cation 
test on said batch of devices to determine a ?rst 
resultant binout, executes a trial quali?cation test on 
said batch of devices to determine a second resultant 
binout, and compares said ?rst resultant binout to said 
second resultant binout for each device of said batch of 
devices. 

2. The test set up of claim 1 Wherein said testing program 
categoriZes each device of said batch of devices as either a 
correlating part, an upgraded part or a doWngraded part. 

3. The test set up of claim 2 Wherein said testing program 
further examines a ?rst device categoriZed as one of said 
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upgraded parts to determine a difference betWeen said 
knoWn quali?cation test and said trial quali?cation test. 

4. The test set up of claim 2 Wherein said testing program 
further examines a ?rst device categoriZed as one of said 
doWngraded parts to determine a difference betWeen said 
knoWn quali?cation test and said trial quali?cation test. 

5. The test set up of claim 1 Wherein said testing program 
Writes a series of data bits to a ?rst device of said batch of 
devices, reads a stored series of data bits from said ?rst 
device, and compares said series of data bits Written to said 
?rst device and said stored series of data bits. 

6. The test set up of claim 1 Wherein ?rst resultant binout 
and said second resultant binout categoriZe said batch of 
devices according to a number of functioning memory 
locations. 

7. The test set up of claim 1 Wherein ?rst resultant binout 
and said second resultant binout categoriZe said batch of 
devices according to speed of operation. 

8. The test set up of claim 1 Wherein ?rst resultant binout 
and said second resultant binout categoriZe said batch of 
devices according to a temperature range of operation. 

9. The test set up of claim 1 Wherein ?rst resultant binout 
and said second resultant binout categoriZe said batch of 
devices according to input voltage range. 

10. The test set up of claim 1 Wherein said batch of 
devices comprises integrated circuits in dual in-line pack 
ages. 

11. The test set up of claim 1 Wherein said batch of 
devices comprises microprocessors. 

12. The test set up of claim 1 Wherein said batch of 
devices comprises memory integrated circuits. 

13. A program storage device storing instructions that 
When executed by a computer perform the method compris 
ing: 

executing a knoWn quali?cation test on a batch of devices 
in a handler of a tester to determine a ?rst resultant 

binout; 
executing a trial quali?cation test on said batch of devices 

in said handler of said tester to determine a second 
resultant binout; and 

comparing said ?rst resultant binout to said second result 
ant binout for each device of said batch of devices. 

14. The program storage device of claim 13 Which further 
stores instructions that When executed by a computer per 
form the method comprising: 

categoriZing each device of said batch as an upgraded 
part, a correlating part, or a doWngraded part; and 

examining a ?rst device categoriZed as one of said doWn 
graded parts. 

15. The program storage device of claim 13 Which further 
stores instructions that When executed by a computer per 
form the method comprising examining a ?rst device cat 
egoriZed as one of said doWngraded parts to determine a 
difference betWeen said knoWn quali?cation test and said 
trial quali?cation test. 

* * * * * 


